The pay-for-performance (P4P) programme for diabetes care was implemented in Taiwan to promote holistic care for diabetic patients. This study investigated the effect of P4P on the need for emergency care for diabetic hypoglycaemia.
Introduction
The global prevalence of diabetes is increasing gradually (Wild et al. 2004) . Diabetes is usually accompanied by many irreversible complications that increase the financial burden of health care. Over the long term, intensive glycaemic control can reduce these complications. However, intensive glycaemic control often brings the risk of diabetic hypoglycaemia (Control et al. 1994; Patel et al. 2008; Gerstein et al. 2008; Duckworth et al. 2009 ), which, in severe cases, requires assistance from others or even emergency care. The occurrence of diabetic hypoglycaemia often results in patients being less willing to use intensive glycaemic control, thus giving up the benefits of intensive control. In 2001, the Taiwan Bureau of National Health Insurance (NHI) started the pay-for-performance (P4P) programme for five diseases, including diabetes care, asthma, breast cancer, tuberculosis and cervical cancer, and then B hepatitis and C hepatitis in 2003, and hypertension in 2006 were included in P4P programmes. The P4P programme provides financial incentives to medical care personnel to increase monitoring and subsequent care for patients along with a bonus for improved treatment outcomes. The primary indices used for quality assessment of P4P providers include 'percentage of patients who complete the follow-up', 'percentage of patients with HbA1C <7%', 'percentage of patients with HbA1C >9%' and 'percentage of patients with low density lipoprotein >130 mg/dl' (Chen et al. 2011) . The P4P programme is expected to increase the financial incentives for physicians, which reinforces continuing care for diabetic patients and improves the quality of care. For instance, patients in the P4P programme received more regular exams/tests and follow-up visits (Lee et al. 2010) .
Comprehensive care for diabetic patients should include not only intensive glycaemic control but also measures to prevent diabetic hypoglycaemia. The fear of diabetic hypoglycaemia hampers proactive drug therapy and thus results in failure of long-term prevention of the microvascular and macrovascular complications of diabetes (Davis et al. 2005; Leiter et al. 2005) . Diabetic hypoglycaemia is often regarded as an obstacle for intensive glycaemic control and an adverse prognostic factor in the clinical setting. Thus, diabetic hypoglycaemia may also be a problem for the promotion and execution of the diabetic P4P programme. Treatment through the P4P programme includes not only intensive glycaemic control but also patient education on diabetic hypoglycaemia. Previous study has evaluated the P4P programme for diabetes in Taiwan and found that the P4P could effectively reduce the utilization of diabetes-related inpatient care although the outpatient care was increased due to more regular visits and exams (Lee et al. 2010) . However, the P4P programme enhanced aggressively intensive glycaemic control and might increase the risk of severe diabetic hypoglycaemia and needed emergency care. It is therefore necessary to investigate the risk of emergency care for diabetic hypoglycaemia in patients enrolled in the P4P programme.
Mild hypoglycaemia is sometimes difficult to notice, so its frequency is often underestimated. By contrast, severe hypoglycaemia requires emergency care and its occurrence is thus accurately recorded. American scholars consider the emergency records of patients with diabetic hypoglycaemia an appropriate indicator of complications for use in epidemiological studies (Ginde et al. 2008a) . The current study used nationwide data from the Taiwan NHI Research Database to investigate the risk of requiring emergency care for severe hypoglycaemia in type 2 diabetic patients who were enrolled in the P4P programme compared with those who were not.
Research design and methods
This study is a retrospective, longitudinal cohort study. The data came from the Taiwan NHI Research Database covering 1997-2009, which was published by the National Health Research Institutes (NHRI).
Patients with new-onset diabetes were defined in this study as those with a primary or secondary ICD-9-CM diagnosis of code 250.xx, and at least three outpatient visits or at least one hospitalized treatment for diabetes within 365 consecutive days (Chang et al. 2010) . To rule out previous cases of diabetes, patients who already had diabetes before 2001 were excluded, and new-onset diabetes patients who were diagnosed between 2001 and 2009 were selected as the study subjects. Also, women who were diagnosed as ICD-9-CM code 250 or A181 during the 270 days prior to delivery without being diagnosed with diabetes after giving birth and patients with missing gender or age data were excluded. Patients with new-onset type 1 or type 2 diabetes during 2001-09 were 29 207 (2.42%) and 1 178 964 (97.58%), respectively. This study only included type 2 diabetic patients in the analyses.
Patients enrolled in the P4P programme for diabetes care have been identified by the order code P14x in the NHI claim data since the programme was first implemented. The total number of the type 2 diabetic patients enrolled was 199 701. Recently, it has been found that patients with diabetes who are enrolled in the P4P programme have better compliance in following physician orders and are more proactive regarding glycaemic control; physicians in the P4P programme may also select patients, so-called 'adverse selection' (Chen et al. 2011) . These factors may result in better outcomes for patients in the P4P programme. This study used propensity score matching (PSM) to overcome selection bias (Rosenbaum and Rubin 1983) . After matching, EFFECT OF P4P ON DIABETIC HYPOGLYCAEMIA there were 399 252 type 2 diabetes patients enrolled in this study; of these, half were enrolled in P4P and half were not (199 626 each group).
Among the matched 399 252 individuals, those who received emergency care for diabetic hypoglycaemia were identified according to an ICD-9-CM coding algorithm with codes of 250.3, 250.8, 251.0, 251.1, 251.2, 270.3, 775.0, 775.6 and 962.3 (Ginde et al. 2008b ). This study focused on emergency care for diabetic hypoglycaemia that was caused by intensive glycaemic control, so 75 patients whose hypoglycaemia had other causes, such as sepsis (ICD-9-CM codes 995.91, 995.92) and liver diseases (571.x), were excluded. Finally, 5519 patients who sought emergency care for diabetic hypoglycaemia were selected. The study subject selection process was shown in Figure 1 .
Definition of relevant variables
Since some diabetic patients were enrolled in the P4P programme and might not regularly visit physicians as the schedule (at least once in 3 months and four visits in a year) or then were withdrawn from the P4P programme, we separated the P4P enrolled patients into two groups-regular P4P treatment group and irregular P4P treatment group. The study variables were as follows: P4P participating status [three groups: P4P with regular treatments (106 412 patients), P4P with irregular treatments (93 214 patients), no P4P (199 626 patients)]; patient characteristics (including gender and age); premium-based monthly salary (divided into eight groups); urbanization of residence areas (seven levels, with level 1 as the most urbanized); catastrophic illness status; comorbidity conditions [evaluated using Charlson Comorbidity Index (CCI) and assigned a score of 0, 1, 2, 3, 4 or 5] (Deyo et al. 1992) ; the severity of diabetic complications [evaluated using Diabetes Complication Severity Index (DCSI) and assigned a score of 0, 1, 2 or 3] (Selby et al. 2001; Rosenzweig et al. 2002) ; level of health care organizations (four levels: medical centre, regional hospital, district hospital or clinic); ownership status of organization (public or non-public); hospital's annual service volume of diabetes patients (high-, medium-or low-volume); and physician's annual service volume of diabetes patients (high-, medium-or low-volume).
Statistical analysis
Descriptive statistics were used to show basic characteristics and relevant variables regarding the subjects, and the chisquared test was used to examine the relationship between relevant variables and P4P enrolment. The PSM method was used to match patients enrolled in the P4P programme with those not enrolled in a 1:1 ratio. By comparing the intervention group with the control group, we investigated the influence of type 2 diabetes patients' enrolment in the P4P programme on the need for emergency care for diabetic hypoglycaemia. The advantage of matching is that confounding factors between the two groups could be controlled, thus allowing accurate evaluation of the effectiveness of the P4P programme.
For the two matched groups of patients, we used the Cox proportional hazards model to analyse the data and to Figure 1 Selection criteria and process for study subjects determine the risk of requiring emergency care for diabetic hypoglycaemia in P4P patients.
Finally, this study observed new-onset type 2 diabetes patients during 1998-2009, and matched patients enrolling in P4P with those before P4P implementation in a 1:1 ratio by the PSM method. After matching, the total number of the patients was 273 958 (136 979 each group). And then, this study compared the difference in emergency visits due to diabetic hypoglycaemia before and after P4P in type 2 diabetic patients.
This study used the secondary dataset published by the NHRI and had the permission of exemption from full review (CMU-REC-101-012) since all identifications in the dataset were scrambled and personal privacy has been protected.
Results
Bivariate analysis of P4P-enrolled and non-enrolled diabetic patients before and after matching is shown in Table 1 . The results reveal that for all variables there were no significant differences between the two groups after PSM. Table 2 shows Table 1 Comparisons of study subjects after propensity score matching for P4P participating status
Variables
Before matching After matching EFFECT OF P4P ON DIABETIC HYPOGLYCAEMIA that, after matching, there were 5519 diabetic patients who sought emergency care for diabetic hypoglycaemia; of these patients, 2097 (1.97%) were enrolled in the P4P programme with regular physician visits, 1671 (1.79%) were enrolled in P4P with irregular physician visits, whereas 1751 (0.88%) were not enrolled in P4P. Differences between the two groups (emergency care vs no emergency care) were statistically significant with respect to all variables tested (P < 0.05). Table 3 shows Cox proportional hazards model analysis of the risk of requiring emergency care due to diabetic hypoglycaemia in type 2 diabetic patients. Without controlling for other factors, the hazard ratio (HR) for emergency care due to diabetic hypoglycaemia for patients in P4P with regular physician visits was 2.43 (95% CI: 2.28-2.59) and for those in P4P with irregular physician visits was 1.74 (95% CI: 1.63-1.86), when compared with those who were not enrolled. After controlling for other relevant factors, the HR for those in P4P with regular physician visits became 1.90 (95% CI: 1.73-2.08) and those in P4P with irregular physician visits became 1.32 (95% CI: 1.20-1.45), suggesting that there was still a 90% and 32% excessive risk, respectively. The risk of needing emergency care due to diabetic hypoglycaemia for patients older than 25 years had the higher risk; especially those aged 65 years who had a higher risk, HR 4.93. The risk of requiring emergency care due to diabetic hypoglycaemia was higher in patients with lower premiumbased monthly salaries and in those living in less urban areas. Patients with catastrophic illnesses had higher risk than those without such illnesses (HR ¼ 1.44, 95% CI: 1.32-1.58). Patients with higher CCI scores were at a higher risk, with an HR of 1.38 (95% CI: 1.24-1.53) for those scored 5 and above. As to DCSI score that represents the severity of diabetic complications, patients with higher scores were at a higher risk, with an adjusted HR of 2.25 (95% CI: 2.05-2.48) for those scored 3 and above. Patients treated in a clinic were at a lower risk of requiring emergency care due to diabetic hypoglycaemia than those treated in a medical centre (HR ¼ 0.69, 95% CI: 0.61-0.77). Patients treated in a non-public hospital were at higher risk than those treated in a public hospital (HR ¼ 1.16; 95% CI: 1.08-1.24). Patients mainly treated in a high-service and medium-service volume hospital were at a higher risk of requiring emergency care for diabetic hypoglycaemia.
We tried to compare the incidence of emergency visits due to diabetic hypoglycaemia before and after P4P implementation among the patients enrolling in the P4P. Table 4 shows emergency visits due to diabetic hypoglycaemia before and after P4P in type 2 diabetic patients in 1998-2009. We found that emergency visits due to diabetic hypoglycaemia after P4P among patients with regular physician visits were 95.40 per 1000 person-years, significantly higher than those before P4P (10.11 per 1000 person-years) (P < 0.05). Similarly, the emergency visits due to diabetic hypoglycaemia after P4P among patients with irregular physician visits (23.76 per 1000 personyears) were significantly higher than those before P4P (9.28 per 1000 person-years) (P < 0.05).
Conclusions
This study shows that the risk of requiring emergency care for diabetic hypoglycaemia was higher in P4P-enrolled patients than those who were not enrolled. This may be because P4P requires an HbA1c goal of 7%; this intensive glycaemic control plan could increase the risk of emergency care for diabetic hypoglycaemia. Therefore, efforts should be made to increase health education on diabetic hypoglycaemia or to increase glucose monitoring frequency when caring for P4P patients. Severe hypoglycaemia is associated with adverse prognosis, such as increased risk of cerebrovascular accidents, cardiovascular diseases and death (Zoungas et al. 2010) .
Patients at high risk of severe hypoglycaemia were those older than 65 years. It is assumed that older patients may have more severe illness, poor compliance with physician orders, or may not be well cared for (Ginde et al. 2008a) .
This study showed that the relative risk of severe hypoglycaemia is higher in patients with lower premium-based monthly salaries and in those who live in less urban areas. In other words, patients with a lower socioeconomic status are at higher risk for severe hypoglycaemia (Leese et al. 2003) . Income and socioeconomic status can affect health status through individual health behaviours and access to medical care (Brown et al. 2004) . In fact, diabetic hypoglycaemia resulting from glycaemic control is associated with an unhealthy lifestyle, inadequate glucose monitoring, insufficient frequency of medical check-ups and poor quality of care (Brown et al. 2004) .
A recent study showed that diabetic patients with poor health status have an elevated risk of requiring emergency care for severe hypoglycaemia (Moen et al. 2009 ). This study used the DCSI and CCI to represent the health status of diabetics. It was shown that a CCI score 2 indicated more severe chronic comorbidities and a higher risk of severe hypoglycaemia. Similarly, a DCSI score 3 indicated more severe complications and a doubled risk of severe hypoglycaemia and could be used for predicting the risk of diabetic hypoglycaemia (Young et al. 2008) . These findings suggest that diabetic patients with poor health status should control their lifestyle, diet and diabetes care more carefully. Excessive high service volume for the hospital or physician may deteriorate the quality of medical treatment; e.g. inadequate health education regarding hypoglycaemia may increase the risk of diabetic hypoglycaemia (Brown et al. 2000) . If the patient or the family recognizes the symptoms of diabetic hypoglycaemia and take measures promptly, emergency care for severe hypoglycaemia may be avoided.
With widespread access to medical care in Taiwan, many patients tend to visit a medical centre directly since patients pay a low copayment for visiting physicians in a medical centre without physician's referral. In addition, health care organizations might try to accept more new patients in order to get more P4P payments. P4P patients would be inclined to visit large hospitals, resulting in greatly increased volumes of service and thus increasing the risk of severe hypoglycaemia for patients treated in medical centres. The quality of medical care would be affected if physicians or hospitals became overloaded. In addition to controlling HbA1c to 7%, emergency care for severe hypoglycaemia should also be regarded as a monitoring index by the health care organizations or physicians serving P4P patients.
Over the long term, intensive glycaemic control can reduce complications from diabetes and lessen the financial burdens on health care. However, it should be noted that intensive glycaemic control may increase the risk of requiring emergency care for diabetic hypoglycaemia under the diabetic P4P policy. Furthermore, to avoid emergency care for severe hypoglycaemia, relevant risk factors should be monitored in terms of glycaemic control in clinical settings.
There are limitations of this study: the Health Insurance Research Database used in this study contained only the claim data from health care organizations; blood test results, such as HbA1c for glycaemic control status or creatinine for kidney function, were not available. Therefore, it was not possible to evaluate the relationship between blood test results and severe hypoglycaemia.
